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A 2-nitroimidazole derivative represented by general formula (I) and a radiosensitizer 
containing the same as the active ingredient, wherein R1 , R2 and R3 may be the same 
or different from each other and each represents hydrogen or acyl, This compound (I) 
has such an excellent radiosensitlzlng effect and high safety that the radiosensitizer 
containing the same is remarkably useful in the radiotherapy of cancers, 
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2-NITROIMIDAZOLE DERIVATIVE, PRODUCTION THEREOF, AND 
RADIOSENSITIZER CONTAINING THE SAME AS ACTIVE 
INGREDIENT. 

Inscription of EP0513351 



Technical Field: 



This invention relates to a 2-nltroimidaiole derivative, which is a novel substance useful 
as a radio-sensitizer for hypoxic eells, a production process thereof, and a 
radiosensitizer containing the same as an active ingredient. 



Background Art: 



Cancers are difficult to cure even at the present day, and hence inflict great pains and 
economical losses on the world. Broadly speaking, a cancer is treated by three therapies 
gf radiotherapy, chemotherapy and surgical therapy. 

jh the radiotherapy for the cancer among these, the presence of hypoxic cells in the 
tumor becomes the greatest problem. The hypoxic cells have high resistance to 
radioactive rays and are hence believed to be a serious cause of the refractoriness 
and/or the recurrence in the radiotherapy. On the other hand, no hypoxic cells exist in 
any normal tissues. Upon performing the radiotherapy for the cancer, it is therefore 
important to enhance the radiosensitivity of the hypoxic cells in the tumor. 

In view of the foregoing circumstances, the present inventors carried out an extensive 
investigation with a view toward providing a medicament by which the radiosensitivity of 
normal cells is unchanged and only hypoxic cells are sensitized when radiotherapy is 
performed, i.e., a radio-sensitizer for hypoxic cells (hereinafter referred to as 
"radiosensitizer"). As a result, it has been found that a 2-nitroimidazole derivative 
represented by the general formula (I) which will be described subsequently has a high 
radiosensitizing effect even in a low concentration and is also low in toxicity which has 
heretofore become the greatest problem, leading to completion of the present invention. 



Disclosure of the Invention: 



The present invention provides a 2-nitroimidazole derivative represented by the following 
general formula (I): EM 12.1 wherein R1 , R2 and R3 may be the same or different from 
§ach other and mean individually a hydrogen atom or an acyl group, and a production 
process thereof. The present invention further provides a radiosensitizer containing this 
derivative as an active ingredient. 



|est Mode for Carrying Out the Invention: 
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In the general formula (I) by whxn the compound according to thisWentlon is 
represented, examples of the acyl groups Indicated by R1, R2 and R3 include alkanoyl, 
ajkenoyl or aroyl groups having 1-10 carbon atoms. The illustrative representatives of 
the compounds (1) according to this invention are as follows: 

(1) 1 "[(2 , ,3'-diacetoxy-1 '-acetoxymethyl)propoxy]methyl-2-nltroimidazole; 

(2) l-^'.S'-dipropionoxy-l'-propionoxymethylJpropoxylmethyl^-nitroimidazole; 

(3) l-^'.S'-diacryloxy-V-acryloxymethylJpropoxyJmethyl^-nitroimidazole; 

(4) 1 -[(^.S'-dicrotonoxy-l '-crotonoxymethyl)propoxy]methyl-2-nitroimidazole; 

(5) 1 -[(2',3'-dibenzoxy-1 '-benzoxymethyl)propoxy]methyl-2-nitroimidazole; and 
(0) l-P'.S'-dlhydroxy-l'-hydroxymethylJpropoxyjmethyl^-nitroimidazole. 

The compound (I) of this invention can be produced in accordance with, for example, the 
following reaction formula: EMI4.1 wherein R1\ R2' and R3' may be the same or 
different from each other and mean individually an acyl group, R4 denotes an acyl 
group, and X stands for a hydrogen atom or a trialkylsilyl group. 

Namely, 1,2,4-trlacyloxy-3-acyloxymethoxybutane (II) is reacted with 2-nltroimidazole or 
a trialkylsilyl-containing product thereof (III), thereby producing a compound (la) in which 
R1, R2 and R3 in the formula (I) are individually an acyl group. Further, the hydrolysis of 
(he compound (la) produces a compound (lb) in which R1 , R2 and R3 in the formula (I) 
ere individually a hydrogen atom. 

In the above-described reaction formula, the reaction In the case where the compound 
(III) is 2-nitroimidazole is preferably carried out by melting the compound (II) and 2- 
nitroimidazole in the presence of a catalyst while reducing pressure. Various kinds of 
catalysts may be used as such a catalyst. For example, proton acids such as 
paratoluenesulfonic acid, methanesulfonic acid and trichloroacetic acid, and Lewis acids 
such as anhydrous zinc chloride, anhydrous aluminum chloride and anhydrous stannic 
Chloride may be used. Among these, paratoluenesulfonic acid is the most effective 
catalyst owing to formation of little by-product. The proportions of the compound (II) and 
2-nitroimidazole to be used may be optionally determined.However, it is generally 
desirable that the former compound should be used in a range of from an amount 
equimolar to the latter compound to an amount slightly in excess of the same. In 
general, the reaction is preferably conducted at a temperature of 50-150 DEG C. The 
reaction time may vary according to the reaction reagents, solvent, temperature, 
reaction-accelerating substance, etc. to be used, but is generally 30 minutes to 6 hours. 

On the other hand, the reaction in the case where the compound (III) is 1 -trial kylsilyl-2- 
hitroimidazole is preferably carried out by reacting the compound (II) with 1-trialkylsilyl-2- 
nitro imidazole in the presence of a Lewis acid. 

1-Trialkylsilyl-2-nitroimidazole which is a raw compound can be obtained as a raw 
material usable as it is by reacting 2-nitroimidazole with N.O-bistrialkylsilylacetamide in 
an excess amount while stirring them at room temperature or under heat and then 
distilling under reduced pressure the unreacted silylating agent out of the reaction 
mixture. 

Various kinds of acids may be used as the Lewis acid, As exemplary Lewis acids, may 
be mentioned anhydrous stannic chloride, anhydrous aluminum chloride, anhydrous zinc 
ghloride and the like. These acids may preferably be used in a catalytic amount or an 
amount equivalent to the compound (II). The proportions of the compound (II) and 1- 
trialkylsilyl-2-nitroimidazole to be used may be optionally determined. However, it is 
generally preferred that the compound (II) should be used in a range of from an amount 
equimolar to 1-trialkylsilyl-2-nitroimidazole to an amount slightly in excess of the same. 
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Various kinds of solvents may Wused as a solvent for the reactlonW>r example, 
acetonitrile, methylene chloride, benzene, toluene and the like are however preferred. 
The reaction may be performed at a temperature ranging from -30 to 50 DEG C. 
However, it is generally preferred to conduct the reaction under water cooling or at room 
temperature. The reaction time may vary according to the reaction reagents, 
temperature, reaction solvent, catalyst, etc. to be used. However, it is generally 
preferred to conduct the reaction for 30 minutes to 6 hours. 

After completion of the reaction according to any one of the above-described two 
processes, the intended product is separated from the reaction mixture and purified by a 
method known per se in the art. For example, the reaction mixture is subjected to 
extraction, and the extract is washed with water, concentrated and then purified by 
preparative thin-layer chromatography, column chromatography or the like, thereby 
obtaining a compound (la) with high yield. 

The hydrolysis reaction of the compound (la) is conducted by a method in which the 
compound (la) is treated overnight under ice cooling or at room temperature In an 
absolute alcohol containing sodium alcoholate therein or an absolute alcohol with 
ammonia gas saturated therein, a method in which the compound (la) is hydrolyzed with 
§n organic base such as triethylamine or pyridine in a water-containing alcohol at a 
temperature ranging from room temperature to 80 DEG C, or the like. Examples of the 
alcohol used include lower alcohols such as methyl alcohol, ethyl alcohol and propyl 
alcohol, 

The compound (I) of this Invention Is low in toxicity as demonstrated by Test Example 
which will be described subsequently, and has an excellent rediosensitizing effect. The 
compound (I) of this invention is preferably administered 15 minutes through 5 hours 
prior to the irradiation of radioactive rays. The administration Is carried out orally or 
parenterally. The compound (I) may be prepared in the form of tablets, capsules, 
granules, powder, suppository or injection by suitably adding additives such as an 
gxciplent, stabilizer, preservative and buffer. The dose the compound (I) may vary 
according to age, the site of tumorigenesis, the kind of tumor, symptoms and the like. 
However, it is generally preferable to dose the compound (I) in an amount of 0.2 g 
through 5.0 g/m<2> of area of body surface. 

The acute toxicity test and radlosensltizlng effect of the compound (I) according to this 
invention will hereinafter be described by the following test examples. 
(1) Acute toxicity test: 

Using ICR male mice after the elapse of 5 weeks from their birth, 1-[(2\3'-dihydroxy-1'- 

hydroxy)propoxy]methyl-2-nitroimidazole [the representative compound (6)] dissolved in 

physiological saline was intravenously administered to them. The mice were observed 

over 14 days after the administration to determine the 50% lethal dose (LD50/14).As a 

result, it was found to be 5,900 mg/kg. 

(|) Test of radlosensltizlng effect; 

Tf) in vitro testl; 

Cell used: Single cells of SMT-8 

Radioactive ray irradiated: «6>«Q»Ce - gamma rays 

Oxygen-reducing treatment; 

A mixed gas composed of 95% nitrogen and 5% carbon dioxide gas is caused to flow 

into a cell suspension. 

Judgment of survival rate of the cells: 

According to a colony counting method Radiosensitization ratio (Enhancement Ratio = 
ER): EMI9.1 The result obtained under the above-described conditions is as follows: 
ER of the representative compound (6) of a beta configuration in a concentration of 1 



http;//v3.espacenet.com/textdes?DB=EPODOC&IDX=EP05 13351 &F=0&QPN=EP05 13351 



1/4/05 



esp(j|cenet description view P^gg4pf6 
mMM.67 . . W 9 

3) In vivo test: 
iynimal used; Silb/e mice 
Turner used: 1MT-6 

Substance tested:Representative compound (6) 200 mg/kg 
Posing manner; 

intravenous administration of the representative compound (6) dissolved in physiological 
saline 15 minutes prior to the irradiation of radioactive rays 
Radioactive ray irradiated: <6><0>Co • gamma rays, the whole body Irradiation 
Judgment of radlesensitizing effect: 

Aradiosensitlzatlon ratio (ER) was determined from the dose and the reduction percent 

of tumor cells to conduct the judgment of the effect. 

The result obtained under the above-described conditions Is as follows: 

|R of the representative compound (6) in a dose of 200 mg/kg: 1 .44 



Ipmples 

the present invention will hereinafter be described in mere detail by the following 
Reference Example and Examples. However, it should be borne in mind that this 
Invention is not limited to and by these examples. Reference Example 1 : 



Synthesis of 1 ,3.4-triacetoxy-2-aeetoxymethoxy-butane; 

(1) Fifty grams of meso-erythritol were dispersed In 700 ml of pyridine. To the resulting 
dispersion, 3 equivalent weights (125,3 g) of acetic anhydride were added dropwlse 
under water cooling so as to gradually form a transparent solution. Most of pyridine was 
then distilled out of the solution by a rotary evaporator. The residue was added with 500 
ml of ethyl acetate, thereby subjecting it to extraction. The extract was then washed with 
water. Thereafter, the ethyl acetate layer was dried by anhydrous sodium sulfate and 
then concentrated. The concentrate was subjected to column chromatography on silica 
gel. First of all, elution was carried out with benzene, thereby obtaining tetraacetoxy- 
meso-erythritol. Then, 26 g of 1,3,4-triacetoxy-meso-erythritol was eluted with a 9:1 
mixed solvent of benzene and ethyl acetate. 

(2) To 26 g of 1 ,3,4-triacetoxy-meso-erythritol thus obtained, 200 ml of dimethoxyethane 
was added to mix them into a solution. Phosphorus pentoxide was added to the 
resultant solution while stirring it under water cooling. At this time, the addition was 
conducted while checking by TLC (developing solution: benzene:ethyl acetate =1:1). 
The addition of phosphorus pentoxide was stopped at the time when a TLC became one 
spot, thereby completing the reaction. A supernatant liquid of the reaction mixture was 
shifted to a separatory funnel, thereby subjecting it to extraction with 200 ml of n- 
hexane.The extract was then added with an aqueous saturated solution of sodium 
bicarbonate. The resulting mixture was washed with water and dried by anhydrous 
spdium sulfate. The solvent was then distilled out of the mixture, thereby obtaining 30.5 
g of 1 ,3,4-triaeetoxy-2-methoxymethoxy-butane. 

(3) To 30.5 g of 1 ,3,4-triacetoxy-2-methoxymethoxy-butane obtained in the step (2), 15 g 
of acetic anhydride was added to mix them. The resultant mixture was cooled with ice. 
After thoroughly cooled with ice, 4 ml of boron trifluoride etherate was added dropwise to 
react them for 1 hour with stirring. After completion of the reaction, the reaction mixture 
was poured into iced water mixed with a great excess of sodium bicarbonate, thereby 
decomposing unreacted acetic anhydride to neutralize the reaction mixture. Thereafter, 
|00 ml of ethyl acetate was added, thereby subjecting the reaction mixture to extraction. 
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The extract was washed with wffir and dried (by sedium sulfate), PPeby ebtsinin§ 30,0 
gsf 1,3.4-trlaeetexy-2-aeetexym§th0xy«butane. 

Synthesis ef 1 "[(i'.S'-diaeetexy-l '-aQetQxymethylJpFQBQxylmethyUS'nitreimidaizele! . 



& flask was ehaFged with a\§ § ©f SMtreimidassele, 1e\8 § ©f 1 ,M=tria6etexy=2» 
acetoxymethoxybutane and 0.5 g of p-toluenesulfonie acid monohydrate, A trap was 
attached to the flask to connect it to aspirator so as to permit the reduction of the 
pressure within the flask, The flask was immersed in an oil bath of 130-140 DBG C while 
reducing the pressure within the flask and stirring the contents. Acetic acid distilled off as 
§ reaction advanced. The reaction was completed in about 15 minutes. After the 
reaction mixture was cooled to room temperature, about 300 ml of ethyl acetate was 
added to the reaction mixture, thereby subjecting it to extraction. The extract was 
washed with an aqueous saturated solution of sodium hydrogencarbonate and then with 
water. The thus-washed extract was dried by anhydrous sodium sulfate and then 
concentrated under reduced pressure.The residue was purified by preparative high 
speed liquid chromatography on a silica gel column making use of a mixed solvent of 
ethyl acetate-benzene as an eluting solution, thereby obtaining the title compound (1 5.3 
S, yield; 52%) as a viscous oil. 
M8 (m/e): 373 (M<?+>) 

!B(em**«1*)M740(CO), 1iSi(N02), 1490(NO3) 

NMR ( delta , CPCI3): 2.0(s,§H,CH3COx3), 3,6-4.4(m 1 §H.-CH20Aex2, »CH-), 5.1 
(m,1H,sCH-OAc), 7.1 (s,1H,ring proton), 7,3(s,1H,ring proton) 



Synthesis of 1 «P'.3 ! »dihydraxy«1 '-hy^rexymithyOpregsx^methyUisRitFeimi^a^li? 



In SO ml ef absolute methane!, § ef I'P'^^diaeetQKysl'sagetexymethyiJpFeBQxy] 
methyl-2-nitroimidazole was dissolved. While stirring the resulting solution at room 
temperature, a 5% solution of sodium ethoxide in absolute ethanol was added dropwise 
until the pH of the solution turned to 9.0. After stirring the resulting reaction mixture for 3 
hpurs at room temperature, "Dowex 50W" (H<+>, product of Dow Chemical Co.) was 
§jpwly added until the pH of the reaction mixture turned to 7,0.After Dowex SOW was 
then removed by filtration under reduced pressure, the solvent was distilled off under 
reduced pressure, and the residue was recrystallized from ethanol, thereby obtaining 
1,48 g (yield: 60%) of the title compound as pale yellow needle crystals, 
MS (m/e): 148 (M«*>) 

!R(em*Ml>)!9480(OH). 1fi40(NO2), 14i0(N92) 

tyMR I delta , DMSO(d6)]:"3.2-8.6(m.7H.«CH-OH.-CH20Hx2, "CH-), 4.1-4.6 

(rn.3H.OHx3), 5.8(s,2H,-OCH2N=), 7.1 (s,1H.ring proton). 7.7(s,1H.ring proton) 



htt0i//v3,6sp86eB^.6Qin/tg3iWes?©B=iP0B@e&l0^PeS 1331 l&F^&QF*NIBQf 1331 i 



1/4/Q5 



esp^oenet description view 



Page 6 gf 6 



Synthesis Qf 1«p,8-diaeet9xy-1 °a@0t©xym©thyl)BF©pexyjm§thyl«2-nitreimidazolei 



A flask equipped with a ealeium chloride cylinder was charged with §,6 § of 2= 
nitrolmidazole and 30 ml of N,0-bistrimethylsllylac@tamlde (BSA). The contents were 
stirred at 40-50 DEG C to gradually form a transparent solution. One through two hours 
later, 2-nitroimidazole was completely converted into a silyl-containing compound. 
Unreacted BSA and O-trimethylsilylacetamide as a by-product were distilled off under 
reduced pressure at a temperature of 90 DEG C or higher to use them In the next 
reaction as they are. The thus-obtained silyl-containing 2-nitrolmidazole was added with 
16,0 g of 1 ,3,4-triacetoxy-2-acetoxymethoxybutane and 20 ml of anhydrous acetonitrile. 
Then, 10 ml of anhydrous stannic chloride was added dropwise under water cooling. 
The contents were stirred for 2-3 hours to react them.The reaction mixture was poured 
into 500 ml of ethyl acetate containing 100 g of ice therein. The mixture was stirred while 
further adding anhydrous sodium hydrogencarbonate until bubbles of carbon dioxide 
became free from generation. After the ethyl acetate layer was washed with water and 
dried by anhydrous sodium sulfate, the solvent was distilled off under reduced pressure. 
The residue was purified by preparative high speed liquid chromatography on a silica gel 
column making use of a mixed solvent of ethyl acetatebenzene as an eluting solution, 
thereby obtaining the title compound (15.1 g, yield: 81%). 



I@4; 



Synthesis of 1 -[(g'.a'-dihydrexy-l^hydrexymethyOpFQpexyJmethyl-g-nitFelmidazele; 



In 100 ml of methanol containing 10% of water, 3.7$ g of HP'.S'-diaeetexy-l'- 
aeetoxymethyl)propoxy]methyl-2-nitroimidazole was dissolved. To the resulting solution, 
10 g of triethylamine was added to react them for 4 hours at room temperature with 
Stirring. After completion of the reaction, the solvent was distilled off by an evaporator, 
and the residue was recrystallised from ethanol, thereby obtaining the title compound as 
colorless needle crystals with a yield of 57%. 



Industrial Applicability 



The compound (I) according to this invention has an excellent radiesensitizing effect and 
high safety, so that a radiosensitizer containing the compound (I) is remarkably useful in 
the radiotherapy of cancers. 
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2-NITROIMIDAZOLE DERIVATIVE, PRODUCTION THEREOF, AND 
RADIOSENSITIZER CONTAINING THE SAME AS ACTIVE 
INGREDIENT. 

fisims©fIPasi33i1 



1. A 2-nitroimidazole derivative represented by the following general formula (I): EMU 7.1 
wherein R1, R2 and R3 may be the same or different from each ether and mean 
individually a hydrogen atom or an acyl group. 

2, A process for the production of a 2-nitroimidazole derivative represented by the 
following general formula (la): EM1 17.2 wherein R1\ R2* and R3' may be the same or 
different from each other and mean individually an acyl group, which comprises reacting 
a compound represented by the following general formula (II): EMU 7.3 wherein R1\ R2' 
and R3' have the same meaning as defined above, and R4' denotes an acyl group, with 
a compound represented by the following general formula (III): EMI18.1 wherein X 
stands for a hydrogen atom or a trialkylsilyl group. 

3. A process for the production of a 2-nitroimidazole derivative represented by the 
following general formula (lb): EM1 18.2 which comprises hydrolyzing a compound 
represented by the following general formula (la): EMI18.3 wherein R1\ R2' and R3' may 
be the same or different from each other and mean individually an acyl group. 

4, A radiosensitizer containing, as an active ingredient, the 2-nitroimidazole derivative as 
set forth in claim 1, 
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